2+ channel complex is Ca 2+ -dependent in clathrin-mediated endocytosis. However, little is known about whether the other two endophilin isoforms have the same features. The present study aimed to investigate the characteristics of the interactions of all three isoforms with Ca 2+ channels and dynamin I. Methods N-type Ca 2+ channel C-terminal fragments (NCFs) synthesized with a 3 H-leucine-labeled kit, were incubated with endophilin-GST fusion proteins, followed by pull-down assay. Results were counted on a scintillation counter. In addition, the different endophilin isoforms were each co-transfected with dynamin I into 293T cells, followed -independent, implying that it plays a different role in clathrin-mediated endocytosis.
Introduction
Endophilin is one of the major endocytic proteins that contains an Src homology 3 (SH3) domain. Studies have shown that three types of endophilin exist in rats: endophilin I is expressed only in brain, endophilin II in multiple tissues, and endophilin III mainly in brain, testis and thymus [1] [2] [3] . Endophilins I and II also form dimers through a coiled-coil domain [4] [5] [6] [7] . All three isoforms are concentrated in presynaptic nerve terminals [8] [9] [10] , and play important roles in synaptic vesicle recycling in neurons [11, 12] .
Endophilin is a conserved protein containing two functional domains: an N-terminal Bin-amphiphysin-Rvs (BAR) domain and a C-terminal SH3 domain [13] . The Nterminus mainly participates at the base of the membrane invagination in clathrin-coated endocytosis [14] [15] [16] . In brain, the SH3 domain interacts selectively with proteins containing a proline-rich domain (PRD), such as synaptojanin, amphiphysin and GTPase dynamin [17] [18] [19] [20] [21] [22] . Our previous studies found an atypical PRD embedded within endophilin II, -dependence [23] . However, whether the other two isoforms of endophilin have similar characteristics in Ca This study aimed to resolve these issues. used for the purification of the GST fusion proteins using glutathione-Sepharose beads.
Materials and methods

Construction of plasmids
2.3 GST-fusion protein pulldown assays Pulldown assays were carried out as previously described [23] . Briefly, 3 H-labeled NCF proteins were synthesized in vitro using the TNT Coupled Reticulocyte Lysate System (Promega).
The assay buffer contained 100 mmol/L NaCl, 20 mmol/ L Tris-HCl, and 5% glycerol (pH 7.0) along with 1% Triton X-100 and a cocktail of protease inhibitors (Merck).
Approximately 5 g GST-fused protein was incubated with 293T were used as negative controls for flow cytometry. Mander's coefficient was used to measure colocalization [24, 25] . One-way ANOVA was used for statistical comparisons.
Immunostaining assay
Co-immunoprecipitation (co-IP) and immuno-
blotting Proteins were extracted from transfected 293T cells using 1 mL lysis buffer containing (in mmol/L) 137 NaCl, 2. and Endo/GAPDH were used for each endophilin isoform analysis, to minimize variability. 
Flow cytometry
Statistical analysis
Data are presented as mean ± SEM.
Statistical comparisons were assessed with one-way ANOVA followed by Bonferroni or Tamhane post hoc test (shown below). P <0.05 was considered as statistically significant. ] [23] . To estimate whether Ca 2+ affects formation of the endophilin isoformCa 2+ channel complexes, we constructed the recombinants of endophilin-GST and NCF-pSP72 (Fig. 1A) . The GSTfusion endophilin isoforms were purified well (Fig. 1B) ;
Results
Diverse effects of Ca
although slight bands below the predicted size were also detected, they were still identified to be endophilins and did not affect the results (detected by Western blot using endophilin antibodies, data not shown). Besides, the autoradiography results showed a specific production of 3 Hlabeled NCF, although there were mixed bands when 4-μL samples were used (Fig. 1C) . We thus used 2-μL products for the subsequent experiments to reduce interference. GST pulldown assay was performed under the indicated [Ca 2+ ]
as previously described [23] . All three endophilin isoforms interacted with NCF (Fig. 1D) ] was increased to 1 μmol/L, the binding was significantly reduced to 69.00 ± 1.50% of that in the presence of 300 nmol/L Ca 2+ (n = 4, P = 0.009).
This Ca 2+ -dependent binding pattern was similar to our previous report [23] , and was also obtained for endophilin I, 81.00 ± 31.00%, with Ca 2+ at 100 nmol/L was 111.00 ± 24.00%, and at 1 μmol/L was 109.00 ± 24.00% that at 300 nmol/L (no statistically significant difference, n = 4).
Colocalization of endophilin isoforms and dynamin
I in 293T cells
As dynamin interacts with endophilin [18, 20] and plays important roles in clathrin-mediated endocytosis [26] [27] [28] [29] , we used immunostaining to investigate whether the interactions between dynamin and the three endophilin isoforms have the same characteristics. All three endophilins colocalized with dynamin I (Fig. 2A) . To reveal potentially different degrees of colocalization among the endophilins, we further analyzed the overlap coefficient in every cell that expressed both endophilin and dynamin I.
Images of immunostaining were collected and colocalization was determined by the overlap coefficients [24, 25] . Endo- data showed that colocalization of endophilin III with dynamin I was higher than endophilin I or endophilin II (Fig.   4A ). Compared to endophilin II, the rate of colocalization increased from 55.23 ± 7.69% to 67.68 ± 1.01% (P <0.05, n = 3) in endophilin III (Fig. 4B) . These results indicate that endophilin III had an enhanced interaction with dynamin I. μmol/L, the complex dissociates [23] . In this study, the binding of endophilin to NCF increased from 29.00 ± 4.25%
to 100% as the [Ca 2+ ] was raised from 0 to 300 nmol/L, and decreased to 69.2 ± 1.55% when the [Ca 2+ ] was >1 μmol/L. These data are consistent with our previous study.
The mechanism of Ca 2+ regulation of endophilin II-NCF complex formation is based on the alternation of two endophilin II modes [23] . According to previous studies, the binding of Ca 2+ to endophilin II E264 increases the affinity of the atypical PRD for the SH3 domain in endophilin II. The lack of PRD and E264 in endophilin III allows its SH3 domain to completely bind to dynamin. Besides, endophilin I/II are found as dimers through a coiled-coil domain in their conserved N-BAR moiety [30] . Not as much is known about the dimers of endophilin III. The structural information indicates that endophilin III might have more conformational space to bind to other proteins such as dynamin [4] [5] [6] [7] . [32] . Accordingly, we suggest that endophilin III plays more important roles in the postsynaptic membrane than in presynaptic terminals. Taken together, the present study indicates that the three endophilin isoforms have different characteristics of interacting with associated proteins, indicating their distinct roles in clathrin-mediated endocytosis.
